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1986 , Kardar-Parisi-Zhang [1].
– :
$\frac{\partial}{\partial t}h(x, t)=\nu\frac{\partial^{2}}{\partial x^{2}}h(x, t)+\frac{\lambda}{2}(\frac{\partial}{\partial x}h(x, t))^{2}+\eta(x, t)$ . (11)
$h(x, t)$ $t$ , $x$ , $\eta(x, t)$







, Schur process weight
. , PNG
Schur process .
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( polynuclear growth model. PNG )
1 . , (nucleation)
– $[3,4]$ .
PNG , . |J $t\in \mathbb{N}=\{0,1,2, \cdots\}$
$x\in \mathbb{Z}$ . $t=0$ , .
$t=1$ . $t=1$ ,
( $w_{1,1}$ ) , $q(0<q<1)$ :
$\mathrm{P}[w_{1,1}=k]=(1-q)q^{k}(k=0,1,2, \cdots)$ . $w_{1,1}=1$ ,
$(1-q)q$ . , $0$
, $1-q$ .
, $t=2$ ($x$ )
1 . , .
$t=2$ $x=\pm 1$ . $x=-1,$ $x=1$
$w_{1,2}.,$ $w_{2,1}$ . $w_{1,2},$ $w_{2,1}$ , $w_{1,1}$ $q$
. $t=3$ 1
. ( 2 3
) , ( 3 ) . $t=3$

























$F_{2}(s)= \exp[-\int_{s}^{\infty}(x-s)u(x)^{2}dx]$ . (2.4)
$u(x)$ II Painlev\’e ( ),
$\frac{\partial^{2}}{\partial x^{2}}u=2u^{3}+xu$ , (2.5)
,
$u(x)\sim \mathrm{A}\mathrm{i}(x)$ , $xarrow+\infty$ (2.6)
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. , w 3
. ( $i+j\leq 3$ ,
$(i, j)(i,j=1,2, \cdots)$ ) PNG
$t$ $x$ $i,j$ 45 . ,
t=i+i–l, x=i-j . t( )
, PNG , $w_{i,j}(1\leq i,j\leq(t+1)/2)$
. $\{w_{i,j}|1\leq i,j\leq(t+1)/2\}$







- ) , PNG .
Priofer-Spohn [10] Johansson [4] ,
. $t=0$ $-1,$ $-2,$ $\cdots$
, , – 1 $t=2^{-}$
, ( )-( )
, , . ,
,
.






vicious walk , $n$ ,
$\prod_{r=-2N+1}^{2N-2}\det(\phi_{r,r+1}(x_{i}^{f}, x_{j}^{r+1}))_{i,j=1}^{n}$ (3.1)
$\text{ }-$ . $t=2N-1(N\in \mathrm{N})$ , $i$










. weight , –
.
, weight – Schnff process
.
Schur process ) – .
$w_{i},\sim’ \text{ }$ ( 3) . ,
$w_{i,j}$ . ,






PNG . PNG ,













const. $s_{\lambda^{(1)}}(\rho_{0}^{+})s_{\lambda^{(1)}/\mu^{(1)}}(\rho_{1}^{-})s_{\lambda^{(2)}/\mu^{(1)}}(\rho_{1}^{+})\cdots s_{\lambda^{(T)}/\mu^{(T-1)}}(\rho_{T-1}^{+})s_{\lambda^{(T)}}(\rho_{T}^{-})$ (4.2)
Schur process $[11, 12]$ .
$s_{\lambda}$ Schur , $s_{\lambda/\mu}$ skew Schur , $\rho_{i}^{\pm}$ specialization




( $l_{i}=\lambda_{i}-i,$ $m_{i}=\mu_{i}-i$ ) , Schur process weight $h_{l}$
. $h_{j}(a, 0, \cdots , )$ $=a^{j}$
, $T=2N-1\rho_{i}^{+}=(a_{i+1},0, \cdots),$ $\rho_{i}^{-}=(b_{2N-i}, 0, \cdots)$ Schur process
, – PNG weight ,
$a_{i}=b_{j}=\sqrt{q}$ PNG weight . ( $\text{ },,$ $m_{i}$
$x_{i}$ ) PNG Schur process
. PNG , Schur $\lambda^{(j)}$ –






const. $\det\phi_{i}(x_{j}^{(1)})\det W_{1}(x_{i}^{(1)}, x_{j}^{(2)})\cdots\det W_{k-1}(x_{i}^{(k-1)}, x_{j}^{(k)})\det\psi_{i}(x_{j}^{(k)})$ (4.4)
. $k=1$
, weight
$\det\phi_{i}(x_{j})\det$ Vi $(x_{j})$ (4.5)
, [14]. [15]








$K$ . $x_{i}$ \sim , $K$
Fredholm .
Schur process(4.2) , $-$
, ( $\rho(X)$ )
$\rho(X)=\det K$ (4.9)
[11]. $K$
$K_{ij}=W_{[i,k)}\Psi M^{-1}\Phi W_{[1,j)}-W_{[i,j)}$ , (4.10)
$M=\Phi W_{1}\cdots W_{k-1}\Psi$ , (4.11)
$W_{[i,j)}=$ (4.12)
$\Phi_{i,j}=(\phi_{i}(x_{j}^{(1)}))’$. $\Psi_{i,j}=(\psi_{j}(x_{i}^{(k)}))$ , (4.13)
. (4.7), (4.8) – . $\lambda_{1}^{(j)}$ ,
Fredholm .
$M$ , –
. Schur process Schur
. $M$ ,
:
$\frac{\prod_{i=1}^{p}(x_{i}y_{i})^{p}}{\prod_{1\leq i<j\leq p\backslash }(x_{i}-x_{j})(y_{i}-y_{j})}\det M=\prod_{0\leq i<j\leq T}H(\rho_{i}^{+};\rho_{j}^{-})$
(4.14)
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$H( \rho’, \rho’’)=\sum_{\lambda}s_{\lambda}(\rho’)s_{\lambda}(\rho’’)$ (4.15)
$k,$ $l$ ,
$\frac{(x_{1}\cdots\hat{x}_{k}\cdots x_{p}y_{1}\cdots\hat{y}_{l}\cdots y_{p})^{p}}{\prod_{1\leq i<j\leq p,i\neq k,j\neq l}(x_{i}-x_{j})(y_{i}-y_{j})}\det M$
$= \prod_{i=1}^{p}H(\rho_{[1,T-1]}^{-}; x_{i})H(\rho_{[1,T-1]}^{+}; y:)\cdot\prod_{i,j=1}^{p}\frac{1}{1-x_{i}y_{j}}\cdot\prod_{1\leq i<j\leq T-1}H(\rho_{i}^{+};\rho_{j}^{-})$
$\cross\frac{\prod_{i=1}^{p}(1-x_{k}y_{i})(1-x_{i}y_{l})}{H(\rho_{[1,T-1]}^{-};x_{k})H(\rho_{[1,T-1]}^{+};y_{l})(1-x_{k}y_{l})}$ (4.16)
. , , $M^{-1}$





















$K_{2}(\tau_{1}, \xi_{1};\tau_{2}, \xi_{2})=\tilde{K}_{2}(\tau_{1}, \xi_{1;}\tau_{2}, \xi_{2})-\Phi_{2}(\tau_{1}, \xi_{1};\tau_{2}, \xi_{2})$ (5.4)





. droplet 2 .
Airy , GUE (Dyson
GUE ) .
6 Pfaffian Schur process
PNG $x$ ,
. P[wi,$i=k$] $=$ $(1 -\gamma\sqrt{q})(\gamma\sqrt{q})^{k}$
$(k=0_{7}1,2, \cdots)$ . $0<\gamma<1/\sqrt{q}$ .
GOE, GSE [16]. [4]
[17] , ,
, GOE GSE GUE
[18] .
Schur process , Borodin-
Rains [11] , Schur process $\text{ }$ , Pfaffian Schur process
. weight
const. $\tau_{\lambda^{(1)}}(\rho_{0}^{+})s_{\lambda^{(1)}/\mu^{(1\rangle}}(\rho_{1}^{-})s_{\lambda^{(2\rangle}/\mu^{(1)}}(\rho_{1}^{+})\cdots s_{\lambda^{(T)}/\mu^{(T-1)}}(\rho_{T-1}^{+})s_{\lambda^{\{T)}}(\rho_{T}^{-})$ (6.1)
. $\tau_{\lambda}=\sum_{\kappa’:\mathrm{e}\mathrm{v}\mathrm{e}\mathrm{n}}s_{\lambda}$ . Schur
process ,
. , $2\cross 2$
:
$K(i, u;j, v)=$ . (62)
111
$K_{11}(i, u;j, v)$
$= \frac{1}{(2\pi i)^{2}}\oint\oint\frac{\sim-w}{(z^{2}-1)(w^{2}-1)(zw-1)}‘,\frac{H(\rho_{[i,T]}^{-};z)H(\rho_{\mathrm{b}1T)}^{+};w)}{H(\rho_{[1,T]}^{-}\cup\rho_{[0,i)}^{+};z^{-1})H(\rho_{[1,T]}^{-}\cup\rho_{[0_{1}j\rangle^{1}}^{+}\cdot w^{-1})}.\frac{dzdw}{z^{u}uJ^{v}}$,
(6.3)
$K_{12}(i, u;j, v)=-K_{21}(j, v;i, u)$
$= \frac{1}{(2\pi i)^{2}}\oint\oint\frac{z-w}{(z^{2}-1)(w^{2}-1)w}\frac{H(\rho_{[i,T]}^{-};z)H\{\rho_{[1,T)}^{+}\cup\rho_{[0,j)}^{-};w)}{H(\rho_{[1,T]}^{-}\cup\rho_{[0_{1}j)}^{+};z^{-1})H(p_{\mathrm{D},\tau]}^{-};w^{-1})}.\frac{dzdw}{z^{u}w^{v}}$ , (6.4)
$K_{22}(i, u;j, v)$
$= \frac{1}{(2\pi i)^{2}}\oint\oint\frac{z-w}{zw(1-zw)}\frac{H(\rho_{[1,T]}^{-}\cup\rho_{[0,i)}^{+};z)H(\rho_{[1,T]}^{-}\cup\rho_{[0,j)}^{+};w)}{H(\rho_{[i,T]}^{-};z^{-1})H(\rho_{\mathrm{b}\tau)}^{+};w^{-1})}.,\frac{dzdw}{z^{u}w^{v}}$ . (6.5)
Schur process , $\rho_{i}^{+}=(a_{i+1},0, \cdots),$ $\rho_{i}^{-}=(b_{2N-i}, 0, \cdots),$ $a_{i}=b_{j}=$
, [17] .
7
, PNG Schur process Pfaffian Schur process
, Schur
PNG .
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